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Materials and Methods
Eight samples of milled lignite, ash and slag obtained by lignite combustion were subjected to a five-step sequential extraction procedure. The procedure itself comprised of the following sequence of extractants: Phase I: Distilled water (weakest extractant -the amount of elements extracted in this step is the least that can be expected, regardless of the type of water used for ash transport to the dump); Phase II: 1 M ammonium acetate (this extractant should dissolve the fractions of elements that are bound to the particle surface with stronger bonds than the fraction washed with distilled water); Phase III: 0.2 M ammonium oxalate / 0.2 M oxalic acid (imitation of reductive dissolution of iron and manganese oxides, which are important microelement scavengers); Phase IV: 30 % H 2 O 2 , 0.01 M HNO 3 on a water bath at 85 0 C, in order to dissolve organic/sulfide matter, with subsequent desorption of eventually re-adsorbed elements, by application a 3.2 M ammonium acetate solution washing for 30 min. Phase V: Digestion with 6 M HCl bath at 85 0 C, introduced in order to obtain additional information on the crystalline iron oxides and silicates. The elected sequence of extractants was, with some alterations, mostly used for examination of coal and combustion product samples (Gupta, 1999; Senior et al., 2004; Jankowski et al., 2006) , and it is remarkably similar to the sequence of extractants used for sediments and soils. After washing, the residuals were treated with the next extractant. The combined extracts and washings after each extraction step were concentrated and the trace elements were analyzed by a "SpectrAA-20+ Varian" atomic absorption spectrometer. The available data sets were analyzed using the SPSS 10.0 statistical program (Descriptive Statistics and Classify Hierarchical Cluster).
Results
Average concentrations and standard deviations of concentrations of extracted major and trace elements from lignite, ash and slag obtained by lignite combustion in "Nikola Tesla A" power plant are shown in Tables 1-3 .
Discussion
Lignite
The macro and microelements contained in coal are differently distributed (Tables 1-3 , Figure 1 ). It should be mentioned that during applied sequential extraction process the solid phase is not totally destroyed. As opposed to the organic component dissolved in the fourth phase of extraction, the total mineral component is not dissolved, which means that all the macro elements and some of the microelements may have an additional mineral component, besides the one determined by the extraction. However, it is obvious from the results obtained by extraction that most elements are contained in the inorganic phase of coal, even inside the extractable part. The investigated macro elements can be separated on the basis of their fraction in the organic phase into elements which are dominantly extracted from the organic phase (aluminium 58.56 136 ENVIRONMENTAL TECHNOLOGIES: New Developments ± 11.31 % and silicon 58.36 ± 11.66 %) and into elements which are dominantly extracted from the inorganic component, even in an extracted fraction of coal (iron 60.76 % of the totally extracted elements is released in the third phase of the extraction). It is interesting to note that two macro elements, magnesium and potassium, can not be precisely categorized. Actually, a larger amount of potassium and approximately the same amount of magnesium were released in the fourth phase of the sequential extraction, compared with the sum of the amounts extracted in the third and the fifth phase, however, more than 50 % of the extracted amounts are released in the first two phases of the sequential extraction. Since it is not possible to determine the origin of adsorbed and ion-exchangeable fraction using the applied technique, i.e. it is not possible to say whether the adsorbed and ion-exchangeable potassium and magnesium are connected with the organic or with the inorganic fraction of coal, there is no precise conclusion about that whether these two elements in the extractable fraction of coal are distributed dominantly in (or with) the organic or in the mineral phase. Table 2 . Average concentrations and standard deviations of extracted manganese, nickel, copper, zinc, arsenic and cadmium (ppm) from samples of lignite (first two rows), ash (second two rows), and slag (third two rows) obtained by lignite combustion in "Nikola Tesla A" power plant
Concerning the microelements, they can be classified into three groups. The elements having a predominant part of their extractable component associated with the organic fraction of coal are in the first group, i.e., chromium (68.61 ± 13.23 %) and arsenic (54.85 ± 21.25 %). The elements having a significant (although less than 50 %) amount of their extractable component connected with the organic phase are in the second group, the main representative being nickel (30.80 ± 10.19 %). The organic component of the other investigated elements, which are in the third group, are present in only a small amounts in the organic fraction, i.e., manganese (8.28 ± 4.85 %), copper (11.09 ± 2.80 %, zinc (10.19 ± 4.69 %), cadmium (0.00 ± 0.00 %) and lead (10.38 ± 3.10 %) of the total extracted amount. The fact that most of the elements are indisputably connected with the inorganic fraction of coal is not unexpected taking into consideration the large amount of ash remaining after the combustion of coal. The elements which are prevalently connected with the inorganic component, can be divided into groups based on the difference of their extractability in the third and fifth phase of the sequential extraction of the coal. The first group contains elements the extractable fraction of which is connected with the inorganic component and is concentrated in the third phase of the sequential extraction. The second group contains elements the extractable fractions of which, except the part which is organically associated, are mostly present in the fifth phase of the sequential extraction, which is the most difficult to dissolve. Nickel (56.80 ± 3.92 % extracted in the third and 11.67 ± 5.56 % extracted in the fifth phase of the sequential extraction), copper (65.97 ± 7.49 % extracted in the third and 22.21 ± 11.10 % extracted in the fifth phase of the sequential extraction) and iron (60.76 ± 0.57 % extracted in the third and 13.18 ± 5.31 % extracted in the fifth phase of the sequential extraction) belong to the first group. Cadmium (0.00 ± 0.00 % extracted in the third and 95.24 ± 0.00 % extracted in the fifth phase of the sequential extraction) and lead (1.26 ± 2.52 % extracted in the third, and 88.36 ± 44.81 % extracted in the fifth phase of the sequential www.intechopen.com
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extraction) belong to the second group, while zinc (41.51 ± 9.18 % extracted in the third and 31.93 ± 14.69 % extracted in the fifth phase of the sequential extraction) and manganese (40.11 ± 13.97 % extracted in the third and 31.93 ± 14.69 % extracted in the fifth phase of the sequential extraction) lie between these two groups. Table 3 . Average concentrations and standard deviations of extracted lead (ppm) from samples of lignite (first two rows), ash (second two rows), and slag (third two rows) obtained by lignite combustion in "Nikola Tesla A" power plant The question arises as to the origin of the adsorbed and ion-exchangeable fraction in the investigated samples of coal. These two fractions of different elements certainly existed in the original samples of coals but it is questionable whether the adsorbed and ionexchangeable elements, which were present in the original coal, were also present in the coal used in the thermo-electric power plant, or whether these fractions present during the combustion of the coal were of a more recent origin. Taking into consideration that the coal had been exposed to rain after its mining, i.e., in stock piles and during transportation, it is probable that most of the elements which were present in the original "easily extractable" fractions of coal were rinsed out long before the combustion process, and that the adsorbed and ion-exchangeable elements, which were found in the experiment, were there as a consequence of sorption occurring during transportation, storage and grinding of the coal.
Filter Ash
Fly ash is the most important product obtained by coal combustion. High temperature during combustion in power plants enables melting, crystallizing as well as sintering process of alumosilicates and generation a new structures that are procuring their chemical property. Since only a small part of organic substances remain in the ash, it would not be realistic to expect fly ash to contain elements the dominant fractions of which are associated with organic component of coal. Thus, it is logical that the highest concentrations of all the investigated elements exist in the extraction phases in which the inorganic matrix of the ash particles dissolve. On the basis of their extraction characteristics, the elements present in the ash (Tables 1-3, Figure 2 ) can be divided into those which are to a significant degree still associated with the organic component of the ash (silicon -26.27 ± 4.58 %), those which are to a small extent bonded to the organic component (magnesium -10.29 ± 1.65 %; manganese -10.30 ± 4.33; nickel -13.33 ± 2.80 %; copper -10.47 ± 4.35 %; zinc -11.79 ± 6.21 %), those which are to minimal extent associated with the organic component of the ash (aluminum -5.61 ± 2.62 %; potassium 7.36 ± 1.55 %; iron -4.45 ± 2.45 % and chromium 4.30 ± 2.56 %) and those which, practically, do not exist in a form bonded to the organic component of the ash (arsenic, cadmium and lead). When the amounts extracted in the third and fifth phase are compared, larger amounts of all the investigated either macro-or microelements were extracted in the last phase, and only for five elements (aluminum, silicon, potassium, iron and copper) is the ratio of these amounts less than 3:1 in favor of the concentration dissolved in the fifth phase of the sequential extraction. It should be noted that higher concentrations of silicon, manganese and zinc were extracted in the fourth than in the third phase of the sequential extraction. This was also true for magnesium but there is a possibility that the results of the extraction of this element in the third phase were influenced more by the applied extraction mean (extraction with oxalate will yield non-soluble magnesium oxalate) than by the nature of the substrate by itself.
Slag
The arrangement of the elements in the slag, shown in Tables 1-3 and Figure 3 is the most irregular and it is difficult to give any precise classification of the investigated elements, such as the ones made in the case of coal and fly ash. The absolutely dominant bonding to the organic phase of slag (in relation to the totaly extracted, and not absolute amount) is by zinc (65.28 ± 6.64%) and relatively dominant by chromium (46.61 ± 13.55%). Three elements, potassium, arsenic and cadmium, are not bound to the organic phase of the slag, while different amount of the other elements are associated with the organic phase. There are still relatively high amounts (compared with the average amount of organically bound elements in fly ash) of aluminum (33.63 ± 2.92 %), silicon (24.71 ± 0.91 %), iron (17.17 ± 0.52 %), nickel (24.51 ± 0.78 %) and lead (22.73 ± 1.25 %) in the organic fraction. Concerning the inorganic component, higher amounts of four elements, aluminum, potassium, iron and zinc, are extracted in the third than in the fifth phase of the sequential extraction.
Cluster Analysis of Elements Content in the Lignite and in the High Temperature Product
In order to identify the main associations of elements in the coal, the most common subset of clustering methods that is generally referred to an agglomerative hierarchical method was used. This method is the most appropriate to evidence correlations between variables. The series of stages is summarized in the dendrogram (Figure 4) . The lower value is on the axis, the more significant are the associations (Facchinelli et al., 2001; Djordjevic et al., 2004; Relic et al., 2005) , i.e. groups of elements in the cluster that are correlated with high significance. As it can be seen, strong associations between the concentrations of different elements leached from lignite and ash are different in their nature, and clearly witness that lignite combustion results in distribution of elements in resulting ash that is different from distribution present in lignite. There is strong association of aluminium, potassium and silicon in the first phase of extraction of lignite (Figure 4-1a) , while in same phase of extraction of ash silicon has strong association with arsenic and cadmium (Figure 4-1b) . Cluster analysis performed on concentrations leached in the third phase of extraction shows that there is a strong association of aluminium and silicon with magnesium in lignite (Figure 4-3a) , while in the ash obtained from lignite aluminium and silicon are associated with potassium (Figure 4-3b) . The change in distribution of elements caused by combustion process is also revealed by cluster analysis of associations of elements leached in fourth (e.g. manganese, associated with magnesium and iron in lignite (Figure 4 4a), but with iron and aluminium in ash (Figure 4-4b) ) and fifth phase of sequential extraction (for example, magnesium, associated with iron and copper in lignite (Figure 4 5a), but with chromium and arsenic in ash (Figure 4-5b) . Cluster analysis thus demonstrates
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an influence of high temperature process of coal combustion on elements associations. 
Conclusions
First, it must be emphasized that a larger amount of totally extractable components are present in the ash than in the slag for all the examined elements, except for silicon. It can only be speculated about the reasons for this phenomenon: the cause can be the higher amount of a probably relatively pure organic fraction in the slag, but also the higher content of smaller particles that are carriers of large amount is soluble fractions of element in the ash.
ENVIRONMENTAL TECHNOLOGIES: New Developments
Comparing the characteristics of the extraction of coal, ash and slag, it can be concluded that: -arsenic (or at least the part which does not leave the system with the combustion gases) during combustion of coal completely transforms to silicates, and this occurs in both slag and ash. The fraction of arsenic which is extracted in the third and fourth phase of sequential extraction of coal disappears during combustion; -cadmium, which in coal is present in the last extraction phase, is also found in the same phase in ash, while it is not present in slag. -lead, which was present in coal in the organic phase and in the last phase of the extraction, is present exclusively in the last phase in ash, while lead associated with the organic part is registered in the slag; -organically bound chromium transfers during combustion mainly to the slag, while chromium, which is bound to the least soluble fraction, goes mainly to the ash; -both the organic fraction and fraction dissolved in the fifth fraction of extraction are almost equally present in the both lignite combustion products in case of manganese, while the third phase, which is present in coal, transfers almost completely to the slag; -the fly ash and slag have a similar arrangement of copper (with a somewhat larger amount of the element being extracted from ash in the fifth phase); -the fraction of nickel soluble in the fifth phase of extraction of coal is almost completely transferred to the ash during combustion; -organically bound zinc which is left after combustion, and zinc which is bound to the inorganic compounds which are soluble in the third fraction are mainly found in the slag. Cluster analysis confirmed the difference in associations of trace and major elements in lignite and ash that are caused by transformation occurring during combustion.
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